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Abstract : The complete assignments o f the calculated vibrational frequencies of 2-chlorohepune are used to compute the thermodynamic 
functions, namely, the enthalpy (f/vib)* heat capacity (Cvu*) and entropy (5vu») due to vibrational contribution. These functions have been calculated 
by using standard expressions, at one atmospheric pressure in the temperature range of 100-500 K, under the rigid rotator harmonic oscillator 
approximation.
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In the study of chemical kinetics and chemical equilibrium, 
knowledge of the thermodynamic functions is of great 
importance [1], The direct experimental measurement of 
these quantities is usually tedious and may not be reliable. 
The conformational properties of secondary halides have 
attracted the attention of several groups of workers [2-5] 
largely in the context of using these molecules as model 
compounds for polyvinyl chloride. Neena Jaggi and Jaiswal
[6] studied the vibrational spectral analysis of 
2>chloroheptane alongwith its various conformational 
properties. The interpreted fundamental vibrational fre­
quencies 2-chlorolieptane as given by Jaggi and Jaiswal, 
have been utilized to calculate the various thermodynamic 
functions due to vibrational contributiems in the temperature 
range of 100-500 K at one atmospheric pressure under 
the usual approximation of molecules being rigid rotator 
harmonic oscillator. The thermodynamic functions of the 
htle molecule under investigation, which have not been 
reported so far, arc cennputed.
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The total energy of a molecule {E ) is the sum of 
translational, rotational, vibrational and electronic energies 
Le,^ E  -  Et A Er Ey +  Eg. Thus, the molecular partition 
function is the product of the translational, rotational, 
vibrational and electronic partition functions of the 
molecule. The relations between the partition functions 
and various thermodynamic functions will be used to 
evaluate the thermodynamic functions due to the 
translational, rotational and vibrational degrees of fimdom 
of molecular motions. In the present study, we have 
computed the vibrational contribution to thermodynamic 
functions alone, by using the standard expressions as 
given by Colthup [7], They are :
//vib = ({n/?7Tx/7))/(exp(jc/T) -  1),
Cvib = (nR(x/T)^cxp(x/T)y/iexp(x/T) -  1),
5vib = [(nR(x/T))/(cxpix/T)  -  1)}
-  (re/?(ln(l -  cxp(-jc/T))}. 
where (x -  ihc)/iAk)).
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Here, h is the Planck’s constant, k is the Boltzmann 
constant, R  is the universal gas constant, T  is the 
temperature and A. is the wavelength.
Theoretically, there are 63 fundamental vibrational 
frequencies of 2-chloroheptane. These have been utilized 
for calculating their contributions to thermodynamic 
functions at various temperatures ranging from 100-500 
K. Then, each contribution to the thermodynamic functions 
has been added to get the net value.
The calculated values of the vibrational contribution 
to the thermodynamic functions (//vib. Cv,b and 5Vib) for 
the title molecule have been shown in Tables 1 and 2.
T a b l e t .  V ib ra tio n a l c o n t r ib u t io n s  to  e n th a lp y  w ith  te m p e ra tu re  fo r  
2*ch lorohep tane  (J/m o l).
Calc.freq.
( l /c m )
E n th a lp y  a t d iffe ren t tem p e ra tu re s
297 6
2964
2964
2964
2963
2934
2931
2927
2923
2 8 7 6
2 8 7 6
286 9
2 8 6 6
2863
2 8 6 0
1494
1480
1478
1475
1473
1472
1472
1467
1457
1440
1398
1389
1383
1375
100 K 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0.00001
0.00001
0.0000112
0 .0 0 0 0 1 1 6
0 .0 0 0 0 1 1 7
0 .0 0 0 0 1 1 7
0 .0 0 0 0 1 2 6
0 .0 0 0 0 1 4 4
0 .0 0 0 0 1 8 2
0 .0 0 0 0 3 2 3
0 .0 0 0 0 3 6 5
0 .0 0 0 0 3 9 6
0 .0 0 0 0 4 4 2
2 0 0  K 273  K 298  K 4 0 0  K  5 0 0  K
0 .0 0 0 0 1 8
0.00002
0.00002
0.00002
0.00002
0 .0 0 0 0 2 5
0 .0 0 0 0 2 5
0 .0 0 0 0 2 6
0 .0 0 0 0 2 7
0 .0 0 0 0 3 7
0 .0 0 0 0 3 7
0 .0 0 0 0 3 9
0 .0 0 0 0 4
0 .0 0 0 0 4
0 ,00 0 0 4 1
0 .3 9 4
0.431
0 .4 3 7
0 .4 4 5
0 .451
0 .4 5 4
0 .4 5 4
0 .4 6 9
0.501
0 .5 5 9
0 .7 3 4
0 .7 7 8
0 .8 0 9
0.851
0 .0 0 5 7
0.0061
0 .0061
0 .0061
0 .0061
0 .0 0 7
0 .0 0 7 1 2
0 .0 0 7 2 6
0 .00741
0 .0 0 9 3
0 .0 0 9 3
0 .0 0 9 6 5
0 .0 0 9 8
0 .0 0 9 9 4
0.0101
6 .9 2
7 .3 8
7 .4 5
7 .55
7 .6 2
7 .6 6
7 .6 6  
7 .8 4  
8.21 
8 .8 7
10 .74
11.18
11.49
11.92
0.0212
0 .0 2 2 3
0 .0 2 2 3
0 .0 2 2 3
0 .0 2 2 4
0 .0 2 5 5
0 .0 2 5 9
0 .0 2 6 4
0 .0 2 6 8
0.0331
0 .0331
0 .0 3 4 2
0 .0 3 4 6
0.0351
0 .0 3 5 6
13.39
14 .19
14.31
14 .49
14.61
14.67
14.67  
14 .97
15.61 
16 .74  
19.9 
2 0 .65  
2 1 .1 7  
2 1 .8 7
0 .8 1 9
0 .8 5 2
0 .8 5 2
0 .8 5 2
0 .8 5 4
0 .9 3 9
0 .9 4 8
0 .961
0 .9 7 3
1.133
1.133 
1.159 
1.171 
1.182 
1.194
8 4 .7
8 7 .7 3
8 8 .2 5
8 9 .0 3
8 9 .55
89 .81
89 .81  
9 1 .1 3  
9 3 .8 4  
98.61
111.4
114.34
116.35 
119.06
6 .93
7 .1 4
7 .1 4
7 .1 4  
7 .1 6  
7.71 
7 .7 7  
7 .85
7 .9 2
8 .9 2
8 .92  
9 .0 8
9 .15  
9 .2 2  
9 .2 9
2 4 8 .2 2
25 6 .1 2
2 5 7 .2 7
2 5 9
2 6 0 .1 6
26 0 .7 4
26 0 .7 4  
263 .6 7  
26 9 .6 2  
280.01  
307.31 
31 3 .4 7  
317 .6 5  
3 2 3 .2 9
1334 0 .0 0 0 0 7 7 2  1 .109 14.35 2 5 .8 6 133.97 353.69
1314 0.000101 1.261 15.71 2 8 .05 141.87 369.45
1312 0 .0 0 0 1 0 4 1.277 15.84 28 .2 8 142 .68 371 .06
1284 0 .0 0 0 1 5 2 1.528 17.97 3 1 .6 8 154.54 394.31
1249 0 .0 0 0 2 4 5 1.911 21.01 3 6 .4 9 170.67 425 .25
1216 0 .0 0 0 3 8 3 2 .35 2 4 .3 4 4 1 ,6 6 187.32 456 ,44
1207 0.(XK)432 2 .49 25 .3 3 4 3 .1 9 192.11 465,3
1141 0 .0 0 1 0 5 3 .78 33.91 5 6 .1 7 23 0 .9 5 535.2
1126 0 .0 0 1 2 9 4 .1 6 36.21 5 9 .6 2 4 0 .7 4 552.35
1108 0 .0 0 1 6 4 4 .6 6 .39,18 6 3 .9 8 253 573,59
1089 0.00212 5 .25 4 2 .5 6 6 8 .9 4 2 6 6 .5 6 596.8
1085 0 .0 0 2 2 3 5 .38 43.31 7 0 .03 26 9 .5 601 .79
1057 0.(K)326 6.41 48 .91 78 .1 4 29 0 .9 3 637 .8
9 9 2 0 .0 0 7 7 7 9 .6 64.71 KX).5I 346 .8 5 728 .9
95 8 0.0012 11.83 7 4 .7 9 114.51 3 7 9 .8 6 781
91 4 0.0021 15.49 9 0 .0 8 135 .36 426 .8 1 853.27
8 7 6 0 .0 0 3 6 19.51 105 .62 156.17 4 7 1 .5 920.33
855 0 .0 4 7 2 2 .1 4 115.25 168.91 4 9 7 .9 7 959 .32
77 2 0 .1 4 2 36 .33 161 .99 2 2 9 .3 2 616 .01 1127.71
721 0 .2 7 6 49.01 198 .88 275.71 7 0 0 .2 2 1243.21
605 1.224 9 5 .2 5 3 1 3 .1 4 4 1 4 .3 8 9 2 9 .8 9 1543.42
5 30 3 .14 144.28 415 .61 53 4 .2 7 1110.28 1767 6
4 6 2 7 .28 2 0 7 .8 5 5 3 2 .9 8 668.02 1298 .2 1992.93
37 2 2 1 .42 330 .5 3 7 3 1 .5 6 88 8 .0 7 1 586 .02 2325 .46
338 31.81 3 9 1 .3 5 8 2 1 .2 6 985 1707 .15 2461 .7
279 6 1 .8 7 5 1 9 .8 8 9 9 8 .3 2 1175 1 934 .38 27 1 2 .4 4
190 158.74 7 7 9 .2 6 1321.91 1514 2 3 1 9 .9 6 3126 ,08
110 341 .0 7 1092 .04 1676 .42 1879 2 7 1 2 .4 5 3535 .28
94 393 .05 1164.61 1754 .97 1958 27 9 6 .3 1 3621 .44
77 4 5 4 .9 8 1245..55 1841 .29 2 0 4 6 2 8 8 7 .3 8 3714 .57
72 4 7 4 .5 7 1270.11 1867 .24 2 0 7 2 2 9 1 4 .5 6 3 742 .27
39 6 2 0 .3 3 1440 .98 2045 .01 225 2 3 0 9 8 .3 7 3 928 .69
21 712.41 1540 .67 2 1 4 6 .7 5 235 4 3 2 0 1 .9 4 0 3 2 .98
17 734.11 1563 .45 2 1 6 9 .8 2 2 3 7 7 3 2 2 5 .2 2 4056.41
The computed tliermodynamic functions are plotted as a 
function of temperature and are presented in the Figures 
1-3. The enthalpy function represents the total energy 
stored in a system. When a system is brought from liquid 
to vapour state, the enthalpy of the system increases. 
Similar trend is reflected in Figure 1 as the temperature 
increases from 100-500 K. The vibrational contributions 
to net enthalpy for 2~chloroheptane at 100, 200, 273, 
298, 400 and 500 K are 4.016, 1L999, 19.948, 2 3 .1 6 0 , 
39.214 and 59.506 kJ/mol respectively. It is evident from
Table 2, Vibrational contributions to heat capacity and entropy with temperature for 2-chIorohcptane (J/K/mol).
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Calc.freq.______
(l/cm) I()0 K
Heal capacity at different temperatures Entropy at different temperatures
200 K 273 K 298 K 4 0 0 K 500 K 100 K 200 K 273 K 298 K 400 K 500 K
0.000022 0.0000792 0.0024 0.0171
0.000024 0.0000836 0.0025 0.0177
0.000024 0.0000836 0.0025 0.0177
0.(KXK)24 0.(XKX>836 0.0025 0.0177
0.0fKK>24 0.000084 0.0025 0.0177
0.00(K)28 0.0000958 0.0027 0.0191
0.(KKK)28 0.(XKX)971 0.0028 0.0193
0.000029 0.(K)00989 0.0028 0.0195
0,000029 0.0001 0.0029 0.0197
0.0(KX)37 0.000124 0.0033 0.0223
0.000037 0.000124 0.0033 0.0223
0.000039 0.000128 0.0034 0.0227
0.000039 0.00013 0.0034 0.0029
O.OtKXM 0.000132 0.0035 0.0231
O.OOfXM 0.000134 0.0035 0.0232
0.0321 0.05814 0.296 0.752
0.0343 0.06177 0.309 0.779
0.0346 0.06231 0.311 0.782
0.03513 0.06312 0.314 0.788
0.03547 0.06367 0.316 0.792
0.03564 0.06395 0.317 0.794
0.03564 • 0.06395 0.317 0.794
0.03649 0.06534 0.322 0.804
0.03827 0.06823 0.332 0.824
0.04148 0.07342 0.351 0.86
0.05062 0.0798 0.401 0.953
0.05282 0.09145 0.411 0.975
0.05434 0.09384 0.419 0.989
0.05643 0.09712 0.43 1.009
0.06847 0.115 0.489 1.116
0.07524 0.126 0.521 1,173
0.07595 0.127 0.523 1,178
0.08663 0.143 0.571 1.262
0.102 0.166 0.637 1.376
0.119 0.191 0.705 1.492
0.124 0.199 0.725 1.525
0.169 0.263 0.889 1.793
0.181 0.281 0.931 1.86
0.197 0.302 0.985 1.944
0.215 0.328 1.044 2.036
0.219 0,333 1.057 2.056
2976
2964
2964
2964
2963
2934
2931
2927
2923
2876
2876
2869
2866
2863
2860
1494
1480
1478
1475
1473
1472
1472
1467
1457
1440
1398
1389
1383
1375
1334
1314
1312
1284
1249
1216
1207
1141
1126
1108
1089
1085
15257.5
15134.7
15134.7
15134.7
15124.5
14829.8
14799.5
14759.5
14718.9
14249.3
14249.3
14180.1
14150.4 
14120.8
14091.2
3845.2
3773.4
3763.2 
3748
3737.8
3732.7
3732.7
3707.4
3657.1
3572.2
3366.9
3323.7
3295.1 
3257
3065.6
2974.4
2965.4
2840.1
2687.4
2547.3
2509.7
2242.7
2184.2
2114.9 
2043 
2028
3814.3
3783.6
3783.6
3783.6
3781.1
3707.4
3699.8
3689.8
3679.7
3562.3
3562.3 
3545 
3537.6
3530.2
3522.8
961.3
943.3
940.8 
937
934.4
933.2
933.2
926.8
914.3
893.1
841.7
830.9
823.8
814.3
766.4 
743.6
741.4
710.1
671.9
636.9
627.5
560.8
546.2
528.9
510.9
507.2
2047.1
2030.7
2030.7
2030.7
2029.3
1989.8 
1985.7
1980.3
1974.9
1911.9
1911.9
1902.6
1898.6
1894.6
1890.7
516.1
506.5
505.1
503.1 
501.7 
501 
501
497.6 
490.9 
479.5 
452
446.2
442.4
437.3
411.7
399.4
398.2
381.5 
361
342.3
337.3
301.6
293.8
284.5 
275 
273
1718.1
1704.2
1704.2
1704.2
1703.1 
1669.9 
1666.5 
1662
1657.4
1604.5
1604.5
1596.7 
1593.4
1590.1
1586.7 
433.3
425.2
424.1
422.3
421.2 
420-6
420.6 
417.8
412.1
402.6
379.5
374.7
371.5
367.2
345.7
335.5
334.5
320.4
303.3
287.6
283.4
253.5 
247
239.2
231.2
229.5
953.6
945.9
945.9
945.9
945.3
926.8
924.9
922.4
919.9
890.6
890.6 
886.2
884.4
882.5
880.7 
241.4
236.9
236.3
235.4
234.7
234.4
234.4
232.9
229.7
224.5
211.8
209.1 
207.3 
205
193.1
187.5 
187
179.2
169.8
161.2
158.9
142.5
138.9
134.6
130.2
129.3
610.4
605.5
605.5
605.5 
605
593.3
592.1
590.4
588.8
570.1
570.1
567.3
566.1
5 6 4 .9
563.8
155.9
153.1
152.6
152.1
151.6
151.4
151.4
150.5
148.5
145.1
137.1 
135.4
134.3 
132.8
125.3
121.7
121.3
116.4
110.5 
105
103.5
93.2 
90.9
88.2 
85.4 
84.8
0
0
0
O
I""
t
|o
r
fo
o
0
o
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.000014
0.000014
0.000017
0.000023
0.000024
0
0
0
O
0
0
0
0
0
0
0
0
0
o
0
0.(K)232
0.00254
0.00258
0.00263
0.00266
0.fX)268
0.00268
0.00277
0.00296
0.00332
0.00438
0.00465
0.00484
0.00511
0.(K)669
0.00763
0.00773
0.00931
0.0117
0.0145
0.0154
0.0237
0.0261
0.0294
0.0332
0.0341
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Tkble 2. (Can't)
1057
992
958
914
876
855
772
721
605
530
462
372
338
279
190
no
94
77
72
39
21
17
1924.7
1695.2
1581.2
1439.1 
1321.9
1259.3
1026.7
895.5
630.6
484.1
368.1
239.5
198.3
136.5
66.5 
26.2
20.5 
15.2 
13.8
6.1
2.9
2.2
481.4
424.1 
395.6
360.2
331.1
315.5
257.6
225.1
159.6
123.7 
95.3
63.9
53.9
38.7
20.8
9.5 
7.7 
6
5.5
2.6 
1.3 
I
259.2 
228.6
213.5
194.6
179.1
170.8
140.1
122.9
88.2
69.1 
54
37.2 
31.7
23.3 
13.1
6.3
5.2
4.1
3.7
1.8 
0.9 
0.7
218
192.4 
179.7 
164 
151
144.1
118.4 
104
75
59
46.3
32.1
27.5
20.4
11.6
5.6
4.6
3.7 
3.4
1.7 
0.8 
0.7
123
109
102
93.4
86.3
82.5
68.4
60.4
44.4
35.5
28.3 
20.1
17.4 
13.2
7.8
3.9
3.3 
2.6
2.4 
1.25 
0.6 
0.5
80.8
71.9 
67.5 
62
57.4 
55 
46
40.9
30.5 
24.7
19.9
14.5
12.6 
9.7
5.9 
3
2.5
2
1.9 
0.9 
0.5 
0.4
0.000035
0.000086
0.00013
0.00024
0.00041
0.00054
0.0016
0.0032
0.0151
0.0401
0.096
0.302
0.462
0.961
2.862
7.799
9.645
12.211
13.124
22.375
32.848
36.586
0.0409
0.0622
0.0775
0.102
0.13
0.149
0.253
0.348
0.718
1.141
1.732
3.006
3.706
5.349
9.516
17.006
19.411
22.584
23.679
34.152
45.309
49.199
0.249
0.336
0.393
0.481
0.572
0.629
0.917
1.154
1.943
2.721
3.695
5.571
6.525
8.642
13.595
21.849
24.411
27.754
28.899
39.707
51.049
54.981
0.375
0.492
0.568
0.682
0.799
0.871
1.228
1.515
2.441 
3.323 
4.405
6.441 
7.459 
9.694
14.836
23.269
25.868
29.251
30.407
41.292
52.676
56.618
1.152
1.406
1.561
1.786
2.006
2.14
2.759
3.226
4.617
5.842
7.261
9.776
10.986
13.564
19.246
28.185
30.889
34.379
35.568
46.669
58.173
62.141
2.202
2.582
2.807
3.127
3.433
3.615
4.44
5.042
6.764
8.219
9.856
12.675
14.003
16.79
22.796
32.035
34.798
38.355
39.56.^
50.791
65.364
66.348
800
600
500
I
.s 300
f  200 - 
100 
0
Figure 1. Variation of enthalpy of 2-chloroheptane with temperature. 100 500 600
Figure 2 that the heat capacity decreases with the increase 
of temperatiue. \^brad€nial contributions to the total heat 
capacity of the system in the above temperature range, 
aie 314A 78.54, 42.19, 35.43. 19.73 and 12.71 kJ/K/mol.
200 300 400
Temperatum in Kelvin
Figure 3. Variation of entropy with temperature for 2<*chlorohq>tane.
The entropy is regarded as a measure of disorder of a 
system. The process of vaporization is accompanied by 
the increase in entropy because of the increase in the 
disorder in the system. The vibrational entropy is a 
complicated function of hc/A kT, Hence, 5vjb increases as 
the temperature increases. The vibrational entropies at 
100, 200, 273. 298, 400 and 500 K are 0,139, 0.237 . 
0.298, 0.318, 0.397 and 0,476 kJ/K/mol respectively as 
shown in Figure 3. Thus, the enthalpy and entropy of 
chloroheptane compound increase with temperature, 
whereas the heat capacity decreases with temperature. 
The reason for this is the vibratioiial contributions to the
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enthalpy and entropy for the title molecule by the higher 
fundamental vibrational frequencies are small. The lower 
fundamental frequencies contribute appreciable values to 
the net values of the entropy and enthalpy of the system, 
but it is quite opposite in case of the heat capacity.
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